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ABSTRACT |

 On 0c+obef 13,.1972, at I5:11 U.T..'a'sodium—thi_um (Na-L1)
trall was released from a:Nike-Apache rocket Iaunced from the N
Pokef F[aTIRocke+}range inAlaska. Ground based phoTograph:c
requlpmenf at Ester Dome, Alaska, recorded the deve!opmen? of
the traii for approxtmafeiy Twenfy minutes. Pho+ograph1c coveragei
of this event was al so obfalned on the NASA Convalr 990 and is
the subJec+ of analysis by the. GeOphysacs Corpora+|on of Amer|ca
Only the ground observafloas ob+aLned_by +he Geophysical InsT|+u+e
, are dlscessed in this repoff. AlThough.haie and fhe +wnllghT
background jn the phofographs prphiaited +5é defecfion_of'sfahs
which is neceseary for accaraTe angular de?erminafion of %hé
' posiTion'of the Tfail, some'feddc+ien-ef‘+he data has been possible.
By using the nominal TraJecfory for a 60 pound payload and The
particular rockef, a besT flT TraJecfory was deTermlned based
- on the Ester Dome_pho+ograph|c daTa -launch Tlme~and earfh-sun
. geometrical shadow height. From +hese calcula+1ons, ‘the - heighT |
of obvious feaTures along the +ra:| were deTerm:ned and +he|r
DVSIOQITY estimated. A CIOCRWIsehro+a+|On of fhe:verpc1fy{;:
veefor wiTh.Tncfeaeing-heiQthwae'observed. Velocifies deeeced 
at various altitudes were Then compafed fo;me+eer'radaffdataaaieo
obtained durlng this perlod ~The comparisohe bf?+hese wa-neﬁ*ral
-wlnd measuremen+s +echn:ques are satisfactory |f The meteor deduced _
wind organa+ed In the 90 1o 94 km reglon whlch is nof unreasonable.
Due +oi?he unknown errors involved in These;dafalbecaUSe.of.The'anguLaf B

accuracy avallable, we fee! that further defailed_analeis is




not warranted unless it is necessary to the Interprefation

_of the analysié of the alrcraft data.

1)



TABLE OF CONTENTS

List of Tabies

List of Figureé

_Infroducfiﬁn

' GroyndlBased Operation and Data Acquired
Rocket Trajectory

beducf?on'of Neutral ATm&sphere Velocity
Meteor Radar Observations |

Comparison of the Meteor. Radar Data and the
Trail Data

Discussion and Conclusions
Acknow ledgements
References

Appendix A

Pt

22

23



Table 1I.

Table |

Figure

"Figure

Figure

- Figure

Figure
Figure

_Figure

LIST OF TABLES

Directions and Speeds.

. Height, Direction and Magnitude of the Neutral 19

Wind.

| a,b,c

2 a,b,c

LIST OF FIGURES

Numbers. of Me+eor§ Measured with Particular _ 17

All Sky Camera Photographs from . Ester 4,
Dome, Alaska showing the femporal devel-
opment of the Na-Li trail released at

15:011 U.T.,

Tracings of the all sky camera Na-Li -7,

October 13,

1972.

trail observations from Figure | super-
imposed on an elevation azimuth grid for

the . all sky camera.

The points labeled

A,B,C are used for the velocity calcula-

tions.

The temporal deveiopment of the Na-Li o

Circles are 1n 5° [ncrements.

trail as seen from Ester Dome, Alaska using -

16mm color film.

The peoints. Iabefed A,B,C

are those used in the veJOC|+y carcula+|on

Magnetometer records for U.T. October 12
1972, from Coliege,
Fort Yukon.

13,

Poker Flat and

The rocket trajectory in Terms of eleva+|on 13
and azimuth versus time as seen from Ester
Dome compared to calculations from a

“typical rocket trajeciory.

The rocket trajectory in height and Eange 14

from the launch site as calculated using
the Ester Dome all sky camera data and
typical rocket TraJecfory dafa

Yector components for the neufral wind |16
velocity at three different heights along
_ +he Na-Li Traal

e e



INTRODUCT 10N

In recognifion of the need to study the dynamics o% +the
neutral atmosphere at all latitudes and times of the day, a
NASA sponsored series of rocket trail }eleases was scheduled
tor the period October 8-15, 1972, from.fhe Poker Flat Rocket
Range In Alaska. o |
‘The initial program was for three trail releases: one
of trimethyl aluminﬁm {TMA} and two of a combinad Sodium Lithium
(Na-Li) payload between 90 km and 160 km. The initial plan
was to have multistation ground observations operafed by the
Geophysical Institute in cooperation with airborne observations
. on board the NASA Convair 990 directed by the Geophysics Cérporafion
of America (GCA} ‘The TMA trail was To'be're!éased'In evening
twilight. One Na-Li payload was scheduled for release in fhe
morning +w1I|gh+ at a selar depressaon angte near 10° WITh +he
- other near 2° to enable the aircraft to |n|+=a!1y be in the
shadow. This would al low observafions to continue until sun
rise above the aircraf+mhopizoh or, essep+ialiy, until bondifign% ,
épproxima+ed a day-fime.release. |
The main purposes for this program were 1) to determine
the effects of geomagnetic acf1v1+y on nsutral a+mosphere dymanlcs,
2) +o find and compare the errors from ground -based and a|rcraf+-
‘based Triaqgulaflon +echn|ques in de?enmunlng'neuTral wind profiles,
and 3) to develop in‘general{ ?he'cbseraTionai'+echniques needed :
to deduce wind,profiIes from chemical -trail reieéses during fﬁe'
daytime from éir&faff or space plaffcrmé.



Because of financial |imitations and +hé:|ack of clear

weather, modifications were made in the original coﬁcepT of the
expérimenf. The ground-based observations made by the Geophysical
Institute were de«emphasizgd and only phoTograpHic observations
using the 35mm All Sky Camera, the nafréw field 35mm camera and the
i6mm color camera were made from the EsTer.Dome Observatory.

In addition, meteor radar wind observations were made near Fairbanks,
Alaska. Incoherent 5ca++ef raaar data were taken at the Chatanika
radar site by Stanford ﬁesearch Institute, and mem'image inten-
-sifier photographs were made by a NASAJWaIiops group at Ester

Dome. GCA, under Dr. J. Bédinger, carried out the rockef‘payload
énd assembly details as well as the camera‘operaTibn on board

‘The NASA Convair 990 jet aircraft. The purpose of this report

ié to illustrate +ﬁe ground-based dafa thch was obtained by the
- Geophysical Institute and present a prelimfhéry reducfioﬁrof sofme
of the data. 'Obvfously, on the funds which were provided to the
, Geophysféal InsTiTufé-for this task, li+tle detalled reduction can
be done and no detailed énalysi; of fhe.dafa to satisfy the specif}b
intent of the original.proposal has been attempted. On +hekbasfs |
of the available data, it is no+-an+ieipa+ed that furfhef use
of the gfound'dafa will be necessary. The analysis ofVThe airborne
data being done sepéraTely by Dr. J. Bédinger at GCA {s-of e%cellenf
" quality. | _;

"GROUND BASED OﬁERATION AND DATA ACQU{RED

The three rockets of this bfogram were desﬁgnafed'NASA
"~ rockets 14.506 CA/TM¥§{I9 (TMA), J4.5O4-CA/TM-GII?IINaﬁLi), and -
14.505 CA/fM-BIIB, qf Poker Range numbérs.PFNA-43; 44, 45.réspecfivély.



Due to a malfunction of the second sfagé‘ingnffer, PFNA-43
talled to produc;."e‘a-TMA trail at local evening twilight on U.T.
October 13, 1972. Both PFNA-44 and 45 were launched successfully
in the Idca! morn}ng twilight of U.T. October 13, 1972. Due to |
.overcast sky conditions no-usable data was obtained at Ff. Yukon,
Alaska. Although a thin overcast was afso'presenf at Ester Dome,
Alaska, the Na—Li trail from PFNA-44 was cleaflyrseen for éf'leasT
20 minutes; however, because of the overcast, no sfafs were obtained
on any of the phofograpﬁic data. No ground-based pribaj data
.was obtained during PFNA-45 as the combination of Thiﬁ overcast
and small solar depression angle completely overexposed the fiim -
in the exposure time needed to detect +he:+rail,' Thus the only
ground-based data obtained was that from the 35mm ASC at Ester
Dome, the narrow ffeld (35mm) camera, and +he'l§mm'cotor movie._
camera for the Na-Li trall releaéed at 15:11 U.T. October 13, 1972
ffom PFNA-44. E |

Figﬁre | is a composi+e of 10 ASC prints befween 15:12:45,

{(the first recorded appearance of'fhe_frail_was at ISEEZ:!Z), untils
15:3] .after which the r?sing sun begins.To maskrfhe‘clﬁud. - The
rocket continued to emit a trall until it re—enTéred the earth's
shadow on the down leg at 15:17:30. Figure 2 is a composffe tracing
of the cloud outline superimposed on an alevation ézimufh grid

for the All Sky Camera on each of the All Sky Qaméfé pﬁofoérabhé'
shown in Figure I. - '

Figure 3715 a series of black and white prints, made frdm the 16mm -
color film, of the initial development of the trail as seen
-from Ester Dome. The approximate angles are indicafed on the
right side, and points used in the.velocity ﬁeférmfhéfion_are

L - = o a e L TR L T RN P



ESTER DOME OCTOBER 13, 1972
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Figure la. A1l Sky Camera Photographs from Ester Dome, Alaska
showing the temporal development of the Na-Li trail
released at 15:11 U.T., October 13, 1972.



ESTER DOME OCTOBER 13, 1972
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Figure 1b. A1l Sky Camera Photoqrapﬁs from Ester Dome, Alaska
showing the temporal development of the Na-Li trail
released at 15:11 U.T., October 13, 1972.



ESTER DOME OCTOBER 13, 1972
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Figure lc. A1l Sky Camera Photographs from Ester Dome, Alaska
showing the temporal development of the Na-Li trail
released at 15:11 U.T., October 13, 1972.
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Figure 2 a -~ . Tracings of the all sky camera Na-Li

' trail observations from Figure | super- -
imposed on an elevation azimuth grid for -
the all sky camera. The points labeled -
A,B,C are used for the velocityscalcula~ = -
tions. Circles are in 5% increments. .
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ESTER DOME OCTOBER 13, 1972
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Figure Z . b

S
UT 15:26:53

Tracings of the all sky camera Na=-bLi-. - |
+rail observations from Figure | super-
imposed on an elevation azimuth grid for
+he all sky camera. The points labeled

A,B,C are used for the velocity calcula-

t+jons. Circles are in 5° jincrements.
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 ESTER DOME OCTOBER I3, 972
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- UT15:28:53 UT 15:30:53

© . Figure 2 ¢ ~Tracings of the all sky camara Na-Li
) +rail observations from Figure | super-=
imposed on an elevation azimuth grid for . . -
. the.al! sky camera. The points labeied - -
_A,B,C are used for the velocity calcula~
+ions. Circles are in 5% increments.
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Indicated as A, B and C. Figure 4 shows +he,ﬁaghef6me+er records
at qulege, Poker Flat and Ft. Yukon for U.T. October 13, 1972.
ROCKET TRAJECTORY |

in order to determine the approximate velocities and height
range of the Na-Li trail to correlate wffh the meteor radar data,
an attempt was made to determine the +Eajecfory of fheArocke+ andl
initial height distribution of the trail.

Using many diag}ams of +he type illustrated in Figure 2 from
+he ASC data, the elevation and azimuTﬁ of The'rockef on the ascent
and descent were deduced as a function of time as seen from
Ester Dome. These data are plotfted in Figure 5 along with the
trajectory expected for a typical 60 pound payload Nike-Apache
rocket launched from Poker Flat on an 18° azimuth with a Q.E. o? 88°.
These launch conditions are the values which best fit The observations
from Ester Dome and only differ slightly from the initial settings
of the launcher which were 20° azimuth and:86° elgvafidh angle.

The constraints imposed by +he'E§fer,Domé observations from Eofh
the ASC and harrow_field cameras, the nomihab %rajéc+bry,_cons?ahf
horizontal . velocity of the rocket after 60:séconds; and the height
of the rc;kef at the time of exi?fng and reentering the earth's
geometrical shadow require the Iéunch angleé préyiously indicaféd.
The fit is adequate as seen in Figure 5. |

?igure 6 illustrates the best fit Trajecféry‘as sééh éléné
| fhe'Iaunch.ézimﬁfh from the launch site and.shows the height of the

rocket as a function of both the horizonfai range and time.
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DEDUCT]ON OF NEUTRAL VELOCITY

To get some idea of the velocities of the neutral winds éf
the low altitude regions appropriate for comparison wifh_+he meteor
wind data we attempted to use the ASC data 1o fo!lpw some obvious
fea#ﬁres of the trail. The altitude of a particular fea+ure was
obtained from the position of the rocket during the first few seconds
after release, that is, after a parchanr feature had developed, but
before the trail expanded or moaved far from the inifiélrrelease
region. We recoginzed that this is not an-accura+e'proéedure but
should result in reasonable values relative to each other at the -
different altitudes selected. The eiévafions'ahd azimuths of
these features were obtained as a function of time and, by aésuming
flat earth geometry, the azimuth and disfancé bef@eeh]fhe initial
release and that at the same altitude -at any later. time was determined.
The results of The'calculafion of ~the average velotiTy,and direction
of motion are shown in Figure 7 for THree distinct features which
accurred iniffaity at 94 km, 98.> km, ahd'lla‘km.. These features
are indicated on Theiphofdgrapﬁs and drawings in Figuresrl, 2, and 3
and are labeled A, B, and C respé&Tively. .The numbers on The‘pofnfs
shown in Figure 2 are those used for the velocity calculations of
- Figure 7. . |
METEOR RADAR OBSER\?AT IONS

The meteor radar at College Is a confinuqus‘wa?é Doppler system

operating at 30.2 MHz with a transmitter power output of about | kw
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Toward West or North
.Spegd Range m/s,

TABLE I

Numbers of Meteors Measured with Particular Directions and Speeds

Toward East or South
Speed Range m/s

Direc] 91 Ja1 {71 {61 |51 |41 |31 |21 [11 {01 Jlo1 {11 )21 V31 {a1 |51 |61 |71 |81 | o
tion | Time UT |100 [90 |80 |70 {60 {50 [40 {30 |20 {10 |{ 10 |20 |30 |40 |50 |60 |70 {80 |90 [100
n-s | 1500-1605 | o folol1lrlol2lilolo {lolrl2la)afjslrla]rfo
eW | 1500-1605 | 0o olololololzalolo [Jolalv]1]als]2]3]lo]o
N-s | 1500-1530 | o Jojofol1]|ofl1]ofjofo [fajo]1fojr]1folo]o}fo
E-w | 1500-1530 | o oo o ololofolofo {[o]ojofol1{t|1]o]o]o
N-5 | 1530-1605 | o o fo|1|ofolv|vjojo fojrli{rj2lajr|1]1]o
E-w | 1530-1605 | oo ojolololol2folo jjojol1]1|3jal1|3|o]o0




In two sidebands +hat are 500 Hz apart. fhe radar signal is directd
northwest through a widebeam (>90°) antenna. From radar signals
reflected from individual ionized meteor +rails, the Doppler shift
and sense (approaching and receding target), and the range of the
point of reflection on the meteor trail are measured. The rédar
receivers are located 10 km east of The-Transmi++er site. . Two
narrow beam ( Z 30°) antennas at the receiver site are directed one
to the west and one to the north. Thus both the east-west and the
north-south componen} of the wind are derived from meteors within
the beam of fhe respective antenna.’ The east-west winds are
' obtained from meteor trails located about 50 to 350 km west of
College and the north-south winds are obtained from meteor trails
located éimilar distances toward the north. The height of the reflec-
tion point was‘hoT méasured and, therefore, the wind components
obfalned are an average through the meteor region. Most meteor
parfrc!es evaporate in the 80 to 100 km helghT |n+erval and thus
+he winds obtained represent some kind of averagervelocLTy in
this height region. |

The magnitude and direction of +hé drift of meteor trails
observed between 1500 and 1605 U.T. is shown in Table |. The data
shown indicate that there is a consistent wind toward the east.
Out of a total of 18 ma+eorsrobserved by_the.wesf antenna over the
interval of one hour, 14 meteors show éasTWérd motions beTween'QI
and 80 m/s. Only two meteors showed a westward motion. The north-
south flow appears to be a little more variable fhan in the east-west
direction. As shown in Table [, I3 meteors drifted SQUThward_and _
5 meteors drifted northward. Thus within Tﬁe meteor hefgh?‘rahge
'(80-100 km), the wind appears to be mainly.fowardf +he ‘south with a

I8
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velécify of 41 to 60 m/s. at some héigh? interval and at some
other height .interval the wind is toward ;he north roughly in the
“range of 20-70 m/s. | |
COMPARISON OF THE METEOR RADAR DATA AND THE TRAiL DATA
Table |1 lists the heights and neutral velocity components
obtained from the trai! analysis shown in Figure 7 and from the
meteor radar analysis discussed in the previous section.

Table 11

Height, Direction and Magnitude
of the Neutral Wind

Meridional Compo-. Zonal Cbmpo—

Height (km) nent (+N) m/s nent (+W) m/s
94 ' - 36 -21
98.5 114 +20.8
118 - 163 +71.8
Radar - 50 10 -60 220

The accuracy of the radar data is the deviation of the measured
components aboﬁT the avérage velocity. It is diffiéulf to eéTima+e
the actual error in the mefedr radar; but it ié probably less than
10 m/s (Hook, 1972). The error in the trai! data is hore ohé of
height than actual véloci+y since the gradient in the velocity shear
is éo high iIn Théllower altitude region that a small change In h%ighT
may seriously affect the veléciTy measurements.

DISCUSSION AND CONCLUSIONS

The metecor radar calcula+éd wind compoqen+s and those deduced
from the trail exhibit similar trends. As poiﬁ?ed ouf in the previous
section, the radar wind components are derived froﬁ meteor Tréiléh
located 150-350 km north and west of ¥he Na-Li trail. Over these
: hofizonTal distances, the wind pattern is expecTéd to be similar but

small scale variations in the wind probably:éxis*'(Hines, 1960 and



Hook, 1970). If this separéfion between +hgafadar observations and
Na-Li trail is ri_églecfed,rlif would appear that the effective hélgh'f of
the meteor echoes is a {ittle below 94 km, that is, the meteor derived
winds more closely match the motion of the Na-Li +rail in the 90-94
km helght range.. This is certainly In the expected 80-100 km height
range for meteor radar echoes. The trail also appeérs to have a clock-
wise rotation of increasing velocity with height as is usual ly obser-
ved in mid-la%ifudes, (Rosenberg; 1968); The shear 1n the veloci{y
wf?h height is also simftar to that observed in some trail releases at Ft.
Churchill. An analysis of some of the Ft. Churchill releases
has been done as part of the Ph.D. thesis of D. D. Wallis. The thesis
is on the influence of magnetic acTIQTTy on the motion of +He
neufral-afmosphere. The saction pérfinenf to trail releases is included -
as Appendix A. In general; magnetic activity has fTTTIe gffect on the
atmosphere below [20 km wheréas a sizable influencé exists on the |
zonal flow due to fon drag acting as a driving source on +he neu%rals.
at higher altitudes. It is conceivable that joule haa+ing and oTher.
effects may Introduce some auxiliary influence at the lower altitudes
after periods of prolonged élec+fic field perturbation 6f the ions.;
Howevgr, the region below f20 km'ié complex and no obvious relation
between the observed velocities and magne+ic ac+ivi+y has been found.
This particular trail release was useful in helﬁing to estab-
I1sh the capabilities of the aircraft for observing the trall
during fhe day as well as_durfng twilight periods. We éssume
additional data will be-for+hcomjng on the analysis of'fhe ajr-

craft data through GCA. Alfhough no accuré+e‘posifion'da+a was
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cbtained because of the sky haze condifio;, t+here was sufficient |
information to show that the meteor radar data mﬁsf have originated
from‘even+s preddminanfly below the 94 km region and that a large
height dependent veiocity shear existed during this disfurbéd_
period. Further anaiysis of the ground-based observations alone
appears unwarranted. Addi%ional effort may be needed if the data

are necessary to the analysis of the aircraft dafa.
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Appepdlx A
Section of Chapter 4 - Ph.D. dissertation in preparation
| "D. D. Wallis
4.5 Trail Release Wind Observations at Fort Churchill, Canada

Figures 4.20 and 4.26 include al!l the published wind profiles made at
Fort Churchif!, Canada, by the vapor trail technique (Bedinger, 1966, 1971).
Two characteristics of ?hese'prefiles'are immediately apparent, a}-fhe presence
- of large oscillations in speed and direction which are especially marked below
IO km and, 2) in the first half of the examples, a nearly |inear speed increase
with altitude between 120 and 160 km in‘a westerly direction. Ai+hough There
is no definite proof that the oscillations are due to internal atmospheric
_gravi+y waves; Kockanski (1966) has made juSTlThis idenffficafion for the
three, May 1963, profiles shown as figuree.4 21 and 4.23. An imporfanf
characteristic of these osciliations is the tendency for extrema in speed
to occur at the same alTl?udes as marked changes in vecTor dlrecflon - These
osclllations are commonly observed between 80 and |10 km in low-and-muddle
latitude wind profiles. When the amplitude and vertical wavelength are plot-
ted as a function of height, the result is very sim[laf.+o that expected for h
internal gravity waves {KDCkanski,'IQGB);

On occasions sumliar oscnllaTuons are presenT above 120 km, _Keckaneki
(I966) has Tdentified their presence up to IBO km. This may be the cause Qf-
the irreguiarities appearing above 120 km in The present data. Examples appear
at i30 km-in figure 4, 22 and at 140 km in flgure 4.23. These observaflons are
. made to support’ The confenfron Thaf wavellke dfsturbances appear in the data.
However primary emphaSIs is to be placed on rarger scale (ver+1ca|) phenomena
The presence of these oscillations has no. real’ consequence |n +he argumenf which

is to follow because of +he|r reIaTlve smal | magn|+ude
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Figure 4.20 Vector reutral wird profile observed above ¥ort Crurchill, Carada -
from B THA réleace at 1922 CST. 15 Septemver 1566, showing (a).tie ceograp.ic
divection of mitiorn s a function of altitude, and (t) tre wind speed as a
surction of aititude, Crosses (+) are t.coretical speeds couputed by Fedder

a-d Eenks {1572) pormalized at 155 X, Dote are theorctical speeds from Heups
(1372) rornelized at 130 km, : '
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Fizure 424 Vectsr neutral wind profile virerved above Fort Crurchill, Canada
frem o WA releese ab 2200 CET, 21 Moy 19303, Refer to figure icr other
dct(_ilin
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'Fi;ure .1 VYector nentral wind nrafile observed above Fort Crurenill, Canzda
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detaile. : : .
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A principle feature of the data presented in figures.4.zd to 4.26 is a
strong tendency for a nearly linear jncrease in wind speed with a1titede abové
120 km. This occurs in figures 4.20,74.21 and 4.22. It is characteristic of
this behavior to be essociated with a marked westward direction of motion.
Furthermore, each of these cases appear to coincide with a period of positive
disturbance in AX on the Fort Churchill magnetogram. The release at 1922 LT
September 15, 1966, was preceded by a positive bay of seven hours duration.
During this interval the peak perturbation of AX on the Fort Churchill magneto-
meter was +120 y. ‘The average perturbation in &X oﬁer the two hours before
the release was +60 y. A small positive bay event beganlat 1130 LT on May 21,
1963. The AX component measured at Fort. Churchill remained positive from this
time‘until about one hour after the release shown in figure 4;22. A small
gradually developing negative bay began about 0215 LT May 22, 1963. Thus both
of the profiles 'shown as figures 4.21 and 4.22 were obtained at times of posi—'

" tive magnetic disturbances. For the two hours preceding the-ZZDO LT May 21 re-
tease, the average AX perturbation was measured to be +18 y while this average
value decreesed to +9 v for the subsequent release at 0131 LT May 22.

Figures 4.23, §.24 and 4.25 all show significantly smaller and irregular
speed profiles above 120 km. The direction profi1es of- these winds tend to
" rotate; slowly with altitude and are quite unlike the profiles exhibiting'a'near-
Tinear speed dependence Very little magnetic disturbance is found on fhe Church-
ill magnetometer for these events The 2203 LT release on May 22 took place after
three hours of no noticeable activity. Debarturesnfrom.the quiet-day base1ine'
were not apparéent. A 1onger durat1on of no activity proceeded the 1935 LT 13
September 1966 release (figure 4.25) “The 1740 LT re]ease of 27 February 1965

was made after 1 hour of small (Id ¥) irregu]ar -pscillations. These osc111at1ons
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were approximately centered on the qufet day baseline so that the net devi-
ation from quiet day during this hour js very small. This activity f6110wed
a four hour period during which AX=0. Thus there was very little geomagnetic
activity preceding this release, and the others.

One other profile (figure 4.26) has been included for completeness. No
data are given above 125 km so that this profile is of 1ittle interest in
this study. It should be noted, however, that this profile is exceptional
in two respects. Firstly, it is apparent that the wind vector executes more
than one complete turn between 90 and 110 km. _And secondly, the peak speed
near 120 km is of exceptional magnitude. For a few hours préceding 00 houré
local standard time on both November 1 and 2, 1964, (the release time is given
ambiguously as 0000 CST 1 November 1964) the Churchiil magnetogram shows no
significant departure from the quiet day baseline. The spiral behavior is al-
so apparent in figure 4.25, again at a period of low geomagnetic aCtivity. |
" Such spiral winds are commonly observed at middle latitudes and probably re-
present the influénde of the sehidiurnal waves.

It is obvious that there is a marked difference in the wind speed profiles
obtained during periods of positive bay activity and those obtained when there
was no activity at all. If is the westerly motion assdciated with the positive
bay magnetic activity which suggests that ion drag is responsible for thfs
motion. Furthermore, each of the three profiles showing this behavior has a
northward turning of the direction profile just below 130 km, before.begfnning
to execute the moré comp]ex motion of 10Qer a]titu&es. This turning is expected
from the turning of the ion motion into the Pedersen direction ét low altitudes.

These profiles provide a test bf'the model computations Qleedder and Banks
'(1972) and Heaps (1972). On each wind‘épeed profile-contineﬂ 1ﬁ fjgureé 4.20

through 4.25 predicted profile points have been plotted for the two models.
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A "+" sign indicate§ the speed at the given height as predicted by Fedder and
Banks for a time one hour after the onset of their electric field. The dots

"." indicate profile points taken ffom‘Heaps model for 2300 hours magnetic

time, assuming that the data were taken at the center of the latitudinal electric
field distributioh. The crosses (+) corresponding to Fédder and Banks model |
have been norma]izéd to the observed profi1e at 155 km. Heaps profile (.)
haé_been normalized at']50 km. It is apparent that‘both Heaps' model and

Fedder and Banks' model fit the observed profiles well when magnetic activity
“is present. However, when activity is very Tow (figures 4.23 - 4.25), the |
theoretical profiles are greatly different fram fhe observed.winds.

The correspondence between the thzoretical and observed profiles suggests
strongly that jon drag - the driving force for these two models - is responsible
for the observed winds‘abovg 120 km when maghetic activity is present. wﬁen
there is no magnetic activity present; the observed winds are smalier and do
- not behave in a manner like that predicted by the ion drag mbdels. "~ In these
cases, ion drag may still be an 1mpoftant fofce, but as a frictioné1'forCE, not
as a driving force. o e

| Figures 4.21 (a) and 4.22 (a) show a;southef1y component_aboVe-140 while
figure 4.20 (a) shows a northerly component in this same region. It is expebt-.
ed that this must be due to the addition of the tidal wind field to the ion -
- drag winds. The variation of this added component with time is consistent with
‘this‘interpretation. That is,-the added component 15 apparently northward at
1920 Tocal time (16 September 1966 release) ahd soathward-at 2200 and_0]3l locai
times (21 and 22 May 1963 releases). However there is no suitable tﬁepry for
'the change of the tidal winds as:a functfon,of a1titude to compare with these

observations.
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Nevertheless, it should be expected that wind profiles. obtained at times
of low geomagnetic activity should be consistent with the existing tidal wind
theory. The 2203 LT release of 22 May 1963 (figure 4.23) does show a southerly
component above 120 km and the 1740 LT release of 27 February 1965 (figure 4.24)
shows a northward meridianal component above 120 km, in agreement with the
fhéory. However, both of these events have westward zonal components, not
eastward as theory pfedicts. This might be due to the oscil1atory'perturbations
present in these profiles. Additionally, a small northward electric field may
be present which provides the westward zonal component without giving a measure-
able mégnetic perturbation. With the few profiles available for study, it is
not posgib]e to come to any firm conclusions. MNevertheless, there is some cor-
respondence between the observed profiles, both with activity present and not
present, and the behavior expected on the basis of tidal wind predictions.

For the trail releases, the magnitude and direction of the 1onspheric
electric field, the jon drift velocity and their tiﬁe histokies are completely
unknown. Thus it is impossible to predict neutral wind velocities on the basis
of the theories available. Accordingly, the on]y-cdmﬁé?isbn with theory which
can be made is that of the height dependence of the wind vector. When this is
done, normalizing to the observed wind speed at some altitude, there appears

to be reasonable agreement. The spread'in local time of these bbséfvations

tends to rule out other forces as a cause of the observed winds. ‘The predominance

of the westward zonal component clearly justifies the ion drag interpretation.
Additionally, the meridianal component seen in fhese releases (figures 4.21.
through 4.24) is in substantial agreement with tidal wind predictions. Thus
these trail data support the picture whichrhas been developed in the discussion
of the other techniques used to determine the zonal motions of the upper-atmo-

sphere. _ )
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